Clinical details are presented on 151 individuals with Noonan syndrome (83 males and 68 females, mean age 12-6 years). Polyhydramnios complicated 33% of affected pregnancies. The commonest cardiac lesions were pulmonary stenosis (62%), and hypertrophic cardiomyopathy (20%), with a normal echocardiogram present in only 12-5% of all cases. Significant feeding difficulties during infancy were present in 76% of the group. Although the children were short (50% with a height <3rd centile), and underweight (43% with a weight <3rd centile), the mean head circumference of the group was on the 50th centile. Motor milestone delay was usual, the cohort having a mean age of sitting unsupported of 10 months and walking of 21 months. Abnormal vision (94%) and hearing (40%) were frequent findings, but 89% of the group were attending normal primary or secondary schools. Other associations included undescended testicles (77%), hepatosplenomegaly (50%), and evidence of abnormal bleeding (56%). The mean age at diagnosis of Noonan syndrome in this group was 9 0 years. Earlier diagnosis of this common condition would aid both clinical management and genetic counselling.
Nine patients with a characteristic facies, valvular pulmonary stenosis, and short stature were first reported by Dr Jacqueline Noonan in 1963.1 Her Feeding histories were obtained in 144 cases. There were no significant feeding difficulties in 35 cases (24%). Mild feeding problems (defined as the infant having a poor suck, with each feed taking on average over an hour to complete) were reported in 21 cases (15%). Moderate feeding difficulties (defined as a very poor suck, with slow feeding and recurrent vomiting with most feeds) were reported in 54 cases (38%). Severe feeding problems (defined as requiring tube feeding for two weeks or longer in a term infant) were found in 34 cases (24%).
DEVELOPMENTAL DATA
The age at which the child first sat unsupported was known in 126 cases, and had a mean (SD) age of 10 (4-5) walking unsupported was available for 112 cases, and had a mean (SD) age of 21 (10-2) months. The age at which the child could first talk in simple two word sentences was known in 102 children, and had a mean (SD) age of 31 (9-6) months.
Hearing tests had been performed on 146 of the group and hearing loss was reported in 58 (40%). In the great majority this was due to serous otitis media. Nerve deafness requiring hearing aids had been detected in five children (3%).
Tests of vision had been performed on 145 individuals. These were reported as abnormal in 80 (55%). Because of this high figure, a cohort of 52 consecutive individuals underwent full orthoptic and ophthalmological evaluation during the sudy day. Strabismus was detected in 33 (63%) with 16 (31%) demonstrating amblyopia. Significant refractive errors (both myopia and hypermetropia) were present in 35 (67%). Only three (6%) of the cohort had a normal eye examination.
One hundred individuals were of school age or older. Of these, 84 individuals either were attending or had attended a normal primary or secondary school. A further five children attended a school for the physically handicapped. Only 11 children required schooling at a school for the educationally subnormal (11%).
GROWTH
The height, weight, and head circumference data were compared with normal centiles. The data were plotted on Tanner and Whitehouse charts and the closest centile was recorded. The results are shown for height (fig 4) , weight (fig 5) , and head circumference ( fig 6) . Twelve of the study population were receiving biosynthetic growth hormone treatment at the time of the study, and growth data was utilised from before the treatment was commenced. Bone age (measured by the standard Greulich and Pyle method) was assessed in 37 cases. The mean (SD) delay of the bone age behind chronological age was 2-0 (1-36) years.
Undescended testicles were detected in 64 out of 83 males (77%). Puberty was delayed in both^~ (p<0-01), skeletal abnormalities (p<0-01), hepatosplenomegaly (p<0-01), and sparse hair (p<O-Ol).
Discussion
The incidence of Noonan syndrome in the UK population is unknown. It may be the second commonest syndrome associated with congenital heart disease after Down's syndrome. Previous reviews have suggested an incidence of between one in 1000 and one in 2000 of the population.6 7 Considering the frequency and importance of Noonan syndrome, surprisingly few clinical studies have been reported. A total of six complete studies have been performed, giving details on some aspects of the phenotype in 216 patients. 11-15
Short stature in Noonan syndrome has been well defined on retrospective data and centile charts are available. 6 17 This study has demonstrated clearly that the growth reduction seen in Noonan syndrome is the same for both height and weight. It is interesting, however, that the head circumferences of this group were normally distributed, as macrocephaly has been reported previously.6 The high incidence of cardiac anomalies in this group may have been due to the continued reluctance to make a diagnosis of Noonan syndrome in the absence of congenital heart disease. Pulmonary stenosis has been the commonest cardiac abnormality reported in all previous studies, with a frequency between 25-90%. Hypertrophic cardiomyopathy is increasingly recognised by echocardiography, and its frequency in this group (20%) is twice that previously reported in studies using angiography. 3 A further important point to be highlighted from this study is the low incidence of significant renal abnormalities in Noonan syndrome compared with Turner's syndrome. 18 Musculoskeletal changes have been recognised as an important component of the syndrome. However previous reports of an association between Noonan syndrome and malignant hyperpyrexia have not been confirmed in this series. 19 20 Hypotonia and hyperextensibility in the younger child probably explain much of the early delay in motor milestones. Developmental outcome in the older child does not seem to confirm earlier reports of frequent mental retardation.2 11 12 Hopkins-Acos and Bunker made the relevant point that speech delay may be related to hearing loss in Noonan syndrome,2' and serous otitis media was a common finding in the study group. Although specific learning disabilities have been reported in a few patients,22 23 more detailed studies are needed.
Clinical differences were observed between apparently familial and sporadic cases of Noonan syndrome. The apparently sporadic cases seen in this study were shorter with an increased incidence of skeletal changes, hepatosplenomegaly, and sparse hair. Only one previous smaller study had reported differences between sporadic and familial cases and had noted an increased frequency of developmental delay and short stature in the familial group."
The most likely explanation for the clinical differences noted between the two groups in our study is selection bias, with a less severe phenotype accepted for diagnosis in familial cases. However, it is also possible that these findings may represent evidence for heterogeneity within Noonan and recognition of the full phenotype of Noonan syndrome should readily allow accurate discrimination between them. Two other syndromes have been differentiated from Noonan syndrome based on specific ectodermal changes. The association of multiple lentigines with pulmonary stenosis and deafness led to the description of leopard syndrome,33 while an emphasis on keratotic and other skin changes led to the separation of the cardiofaciocutaneous syndrome. 34 The frequent ectodermal changes seen in our study population suggests that these two syndromes cannot at present justifiably be separated from Noonan syndrome. Two previous attempts have been made to produce a scoring system that would be helpful in making the clinical diagnosis of Noonan syndrome. 14 35 While both are useful research tools, neither have come to be widely used in clinical practice, and diagnosis still rests on clinical pattern recognition.
The average age at diagnosis of Noonan syndrome in this group was 9 0 years. The facial features of Noonan 11 , and only at follow up in 22. In 10 the 'diagnosis' was 'idiopathic crying' and six were thought to have infantile colic. Ten had otitis media and the rest had a wide variety of final diagnoses ranging from getting too excited at a family reunion to being bitten by a brown recluse spider. The importance of detailed and complete examination of the skin and skeletal system is emphasised as is examination of the eyes. Three children had unexpected corneal abrasions and one an ocular foreign body. Three had unexpected skeletal or intracranial trauma and one a foreign body in the throat that had escaped the notice of two doctors and was discovered by a third using a laryngoscope after the child had been noticed to wince on swallowing. Only one child proved to have a urinary infection. Investigation was dictated by clinical findings with only urine microscopy and culture being 'routine'.
The child who presents with acute unexplained crying is a good test of diagnostic mettle. Those who don't settle down in the casualty department, home, or surgery, and in whom a diagnosis is not apparent after detailed examination should be admitted to hospital for continued observation until a diagnosis is made.
